Background: Rutin is one of the flavonoid compounds found in different plant species. Rutin has powerful antioxidant properties. The main target of this study is to elevate rutin content in gardenia (Gardenia jasmonides Ellis) calli cultures. Different concentrations of phenyl alanine (2, 3, 4, and 5 mg/l) were used as a precursor for enhancement of rutin accumulation. Moreover, and to elevate rutin content, salicylic acid (SA) was used at different concentrations (34.5, 69, 103.5, and 138 mg/l). Various biochemical analyses, i.e., determination of total phenols, total flavonoids, and antioxidant activity during three periods, after 2 weeks (the first harvest), after 4 weeks (the second harvest), and after 5 weeks (the third harvest) of culture, were performed. In addition, determination of phenols and flavonoids content by highperformance liquid chromatography (HPLC) were estimated of the three periods. Results: The results showed that the highest value of total phenols (9.53 ± 0.55 mg GAE/g DW of callus) was recorded with 5 mg/l phenylalanine (PA) at the third harvest. While the highest value of total flavonoids (0.358 ± 0.002 mg QE/g DW of callus) was achieved using 2 mg/l P.A. at the third harvest. By using HPLC, it was found that the maximum rutin content was recorded with 3 mg/l PA at the third harvest (429 μg/g DW).
Background
Plants are recognized as a main source of vitamins; it may play a great role in providing medicine and other raw materials. Medicinal plants are the main stone in drug industries around the world. Some chemicals are considered the main responsible for the medicinal value of different plants. Phenolic compounds, alkaloids, tannins, and flavonoids are the most famous compounds of the medicinal plants (Duraipandiyan et al., 2006) .
Gardenia jasminoides Ellis is an ornamental and medicinal woody plant that belongs to the family Rubiaceae. It is an evergreen small shrub with white, fragrant flowers.
The double-flowered form is used for ornamental purposes, while the single-flowered one is used as a medicinal plant, since the double-flowered form does not bear fruits which is the medicinally used organ (Mizukam, 1989) . Gardenia is propagated commercially by grafting or cuttings. It plays an important role in the traditional Chinese medicine (Dharmananda, 2003) . It is rich in phenolic compounds and anti-inflammatory flavonoids and it could be used as a treatment for inflammatory diseases or for pain treatment (Uddin et al., 2014) . Iridoid glycosides are considered one of the most major components of Gardenia's fruits, which could be converted in color between blue and red. These crocetin derivatives owe coloring properties and water-soluble behavior, opposing the most plant families of carotenoid ( Van-Calsteren et al., 1997) .
Biotechnology gives the opportunity to use cells, tissues, organs, or whole organisms by growing them in vitro and genetically manipulate them to get the desired compounds. The callus formed through tissue culture techniques can be used directly to regenerate plantlets, or used as a source of secondary metabolites. Elicitors can be used to enhance the productivity of secondary metabolites in a short period of time (Sathuluri & Ravishankar, 2000) .
Elicitors are foreign molecules often associated with plant pests or diseases. They can attach to special receptor proteins located on plant cell membranes. These receptors are able to recognize the molecular pattern of elicitors and trigger intracellular defense signaling. This response results in the enhancement of metabolites synthesis which reduces damage and increases resistance to pest, disease, or environmental stress (Bektas & Eulgem, 2015) .
The main sources for pharmaceuticals, food additives, flavors, and other industrial materials are plant secondary metabolites. Secondary metabolites accumulation often occurs in plants subjected to stresses including various elicitors. Understanding the pathways of secondary metabolites production through elicitor-induction or precursors addition is important for optimizing their commercial production (Zhao et al., 2005) . In this connection, a great progress was made to stimulate secondary metabolites formation and accumulation through plant cell cultures (Rao & Ravishankar, 2000; Gabr et al., 2017 Gabr et al., , 2018 .
Rutin, which is called also rutoside or vitamin P, has a number of pharmacological effects that has been discovered for it. Buckwheat, most citrus, figs, both black, and green tea, apples, and many other plants possess rutin as one of their active ingredients. Rutin has powerful antioxidant properties. It also helps the human body produce collagen and use vitamin C. In addition, rutin can be used for diet as food supplemented form. Nowadays, rutin has been taking attention for its pharmaceutical effects. It has many pharmacological activities, including antioxidant, anti-carcinogenic, vasoprotective, neuroprotective, and cardioprotective activities (Habtemariam, 2019; Richetti et al., 2011; Javed et al., 2012; Ganeshpurkar & Saluja, 2017) . According to (Rothwell et al. 2015) , buckwheat is considered the third main source of rutin among different plants. According to Gabr et al. (2017) , Gardenia (Gardenia jasmonides Ellis) may rank the fourth for rutin accumulation.
The current study aimed to elevate rutin accumulation in calli culture of gardenia (Gardenia jasmonides Ellis) which is considered a new source of rutin, by using both phenyl alanine as a phenol precursor and salicylic acid as an elicitor.
Methods

Plant material
Gardenia callus was induced and proliferated according to Gabr et al. (2017) , by culturing leaves segments excised from in vitro growing gardenia plantlets on MS medium supplemented with 0.5 mg/l BA + 0.5 mg/l picloram. Leaf-derived callus were subcultured on MS medium supplemented with 4 mg/l TDZ. Callus obtained were subcultured three times on the same medium for mass callus production.
Effect of phenyl alanine as a phenol precursor on calli cultures
About 0.5 g of callus was cultured on:
1. MS medium supplemented with 4 mg/l TDZ (control) 2. MS medium supplemented with 4 mg/l TDZ + 2 mg/l phenyl alanine 3. MS medium supplemented with 4 mg/l TDZ + 3 mg/l phenyl alanine 4. MS medium supplemented with 4 mg/l TDZ + 4 mg/l phenyl alanine 5. MS medium supplemented with 4 mg/l TDZ + 5 mg/l phenyl alanine Samples were harvested after 2, 4, and 5 weeks of culturing, the fresh weights were recorded, then dried in oven at 40°C for 48 h, and the dry weights were recorded. Dry matter percentage and growth value were calculated according to the following equation:
Where:
Þof dry calli at the end of each harvest F w ¼ weight g ð Þof fresh calli at the end of each harvest −Growth value GV ð Þ ¼ P t −P 0 =P 0 Where:
Þof the fresh callus at the end of each harvest P 0 ¼ starting weight g ð Þof the fresh calli
Effect of salicylic acid as elicitor on calli
1. MS medium supplemented with 4 mg/l TDZ (control) 2. MS medium supplemented with 4 mg/l TDZ + 0.25 mM (34.5 mg/l) salicylic acid 3. MS medium supplemented with 4 mg/l TDZ + 0.50 mM (69 mg/l) salicylic acid 4. MS medium supplemented with 4 mg/l TDZ + 0.75 mM (103.5 mg/l) salicylic acid 5. MS medium supplemented with 4 mg/l TDZ + 1 mM (138 mg/l) salicylic acid Samples were harvested after 2, 4, and 5 weeks of culturing, the fresh weights were recorded, then dried in oven at 40°C for 48 h, and the dry weights were recorded. Dry matter percentage and growth value were calculated according to the following equation:
of the fresh callus at the end of each harvest P 0 ¼ starting weight g ð Þ of the fresh calli
Biochemical analysis Sample extraction
One hundred milligrams of grounded dried samples were extracted with 1.5 ml 80% methanol for 24 h. Then, the samples were sonicated in an ultrasonic water bath (Grant, UK) for 20 min. Samples were centrifuged for 5 min at 6000 rpm (Sigma 2-16 PK, Germany). The supernatants were collected, and the pellets were re-extracted twice with 500 μl of 80% methanol. The extracts were stored at − 20°C until further use according to Gabr et al. (2017) .
Determination of total phenols in calli
Total phenols were determined by the Folin-Ciocalteu micro-method (Slinkard & Singleton, 1997; Saeedeh & Asna, 2007) . A 20 μl of extract solution was mixed with 1.16 ml of distilled water and 100 μl of Folin-Ciocalteu's reagent followed by 300 μl of 200 g/l Na 2 CO 3 solution.
The mixture was incubated in a water bath at 40°C for 30 min and its absorbance at 760 nm was measured. A control with no added extract was also analyzed. Gallic acid was used as standard for the calibration curve. Total phenolic content as gallic acid equivalent was calculated using the following equation:
Where A is the gallic acid absorbance and C is the concentration.
Determination of total flavonoids
Total flavonoid content was determined according to the method described by Ordon et al. (2006) . Then, 0.5 ml of 20 g l −1 AlCl 3 , methanolic solution was added to 0.5 ml of extract solution. After 1 h at room temperature, the absorbance at 420 nm was measured. Yellow color shows the presence of flavonoids. A control with no added extract was also analyzed. Total flavonoids content expressed as quercetin equivalent (QE) was calculated using the following equation based on the calibration curve:
Where X is the absorbance and Y is the concentration (mg QE g −1 DW).
The free radical scavenging capacity of DPPH
The DPPH assay according to Gabr et al. (Gabr et al., 2017) was used with some modifications. The stock reagent solution (1 × 10 −3 mol l −1 ) was prepared by dissolving 22 mg of DPPH in 50 ml of methanol and stored at − 20°C until use. The working solution (6 × 10 −5 mol l −1 ) was prepared by mixing 6 ml of stock solution with 100 ml of methanol to obtain an absorbance value of 0.8 ± 0.02 at 515 nm, as measured using a spectrophotometer. Extract of different samples (0.1 ml of each) were vortexed for 30 s with 3.9 ml of DPPH solution and left to react for 30 min, after which the absorbance at 515 nm was recorded. A control with no added extract was also analyzed. Scavenging activity was calculated as follow:
Where A is the absorbance at 515 nm.
Determination of phenols and flavonoids content by HPLC
The extraction was performed according to Gabr et al. (2017) ; flavonoids (100 mg) were extracted from the dried residue with 2 ml of methanol at 40°C for 8 h.
The methanol solution was evaporated and concentrated to a dry residue. The extract was dissolved in 1 ml of methanol and kept at 4°C in darkness. The content of flavonoids was determined by HPLC on a UNICAM CRYS TAL 200 liquid chromatograph. The mobile phase consisted of methanol and water (both acidified with 0.3% Ortho-phosphoric acid w/v). Flavonoids were eluted with linear gradient from water to 50% methanol for 5 min, following by isocratic elution with 50% methanol for 20 min. The flow rate was 1.4 ml/min. Substances were detected by absorption at λ = 288 nm and their identification were carried out by the comparison of retention times and absorption spectra with standards complex of phenols: chlorogenic acid, vanillic, ferulic, rosmarinic, and cinnamic. For flavonoids standards: rutin (quercetin-3-rutinosid), apeginin-7-glucoside, and Kaempferol (kaempferol-3-rutinoside). Samples' content was expressed as μg/g dry weight and derived using a known concentration of standard and sample peak areas.
Statistical analysis
All analyses were performed in triplicate and data reported as mean ± standard deviation (SD). Data were subjected to analysis of variance (one-way ANOVA) (P < 0.05). Results were processed by Excel (Microsoft Office 2010) and SPSS Version 17.0 (SPSS Inc., Chicago, IL, USA)
Results
Callus induction and proliferation
Callus induction was occurred by culturing leaf segments excised from in vitro growing Gardenia plantlets on MS medium supplemented with 0.5 mg/l BA + 0.5 mg/l picloram according to Gabr et al. (2017) . Calli were grown successfully on the selected medium (callus induction medium) after 40 days of culture ( Fig. 1 ). Leaves-derived calli were re-cultured on MS medium containing 4 mg/l TDZ according to Gabr et al. (2017) ; for callus production, leaves calli were proliferated increasingly within two subcultures at 4-week intervals for each subculture (Fig. 2 ).
Effect of phenyl alanine and salicylic acid on callus growth criteria
Phenylalanine (PA) at concentrations of 2, 3, 4, and 5 mg/l and salicylic acid (SA) at concentrations of 0.25, 0.5, 0.75, and 1.0 mM/l which is equivalent to 34.5, 69, 103.5, and 138 mg/l were added to the most favored medium (MS medium + 4 mg/l TDZ) for calli production as a control to study the impacts of those on these parameters, fresh and dry weights, dry matter, and growth value of calli during three harvested times.
Calli parameters for the first harvest
Leaves-derived calli were harvested after 2 weeks (first harvest) of culturing on MS medium enriched with different concentrations of either PA or SA; calli growth measurements are presented in Fig. 3 . Effect of PA or SA on calli growth parameters showed that MS medium supplemented with 138 mg/l SA or 2 mg/l PA or 103.5 mg/l SA or 5 mg/l PA increased callus fresh weight (6.23 ± 0.11, 5.39 ± 0.023, 5.3 ± 0.23, and 5.25 ± 0.011 g, respectively) compared to the control (5 ± 0.17 g). MS culture media supplemented with 138 or 103.5 or 34.5 mg/l SA increased callus dry weight (0.76 ± 0.023, 0.74 ± 0.005, and 0.68 ± 0.017 g, respectively) compared to the control (0.62 ± 0.011 g), while MS culture media supplemented with 34.5 or 103.5 mg/l SA or 3 mg/l PA or 138 mg/l SA increased calli dry matter (15.31 ± 0.008, 14 ± 0.502, 12.95 ± 0.340, and 12.19 ± 0.140%, respectively) compared to the control (12.41 ± 0.190%) and MS culture media supplemented with 138 mg/l SA or 2 mg/l PA or 103.5 mg/l SA or 5 mg/l PA increased calli growth value (11.46 ± 0.230, 9.78 ± 0.040, 9.6 ± 0.460, and 9.5 ± 0.020) compared to the control (9 ± 0.340). The abovementioned results manifested that in spite of SA at concentration 138 mg/l promoted calli growth in terms of its fresh and dry weights and growth value, but 34.5 mg/l of SA enhanced calli dry matter. Therefore, it is advised to add 34.5 mg/l SA to the culture medium for obtaining calli containing maximum value of calli dry matter. Overall, SA which is considered as an elicitor is recommended more than PA as a precursor for calli growth recovery in the first harvest of in vitro culture.
Calli parameters for the second harvest
Leaves-derived calli were harvested after 4 weeks (second harvest) of culturing on MS medium fortified with different concentrations of PA or SA. Calli growth measurements are presented in Fig. 4 . Results showed that MS medium supplemented with 103.5, 34.5, 138 mg/l SA or 2 mg/l PA or 69 mg/l SA or 4, 3, and 5 mg/l PA decreased both of calli fresh weight (6.07 ± 0.569, 5.57 ± 0.243, 5.23 ± 0.566, 4.78 ± 0.017, 4.62 ± 0.339, 4.44 ± .314, and 11.9 ± 0.407%, respectively) more than the control (8.63 ± 0.282%). Taking into account that the positive effect of 103.5, 34.5, 138, and 69 mg/l SA or 2 and 3 mg/l PA on calli dry weight (0.98 ± 0.060, 0.94 ± 0.034, 0.89 ± 0.045, 0.87 ± 0.17, 0.62 ± 0.017, and 0.62 ± 0.017 g, respectively) compared to the control (0.6 ± 0.034 g) except the treatments of 4 and 5 mg/l PA which recorded the least calli dry weight (0.53 ± 0.034 and 0.49 ± 0.017 g, respectively). According to these results, it is recommended to enrich calli culture medium in the second harvest of culturing by either SA or PA with their different concentrations to boost both of calli dry matter and dry weight, particularly using 69 mg/l of SA.
Calli parameters for the third harvest
Leaves-derived calli were harvested after 5 weeks (third harvest) of culturing on MS medium enhanced with different concentrations of either PA or SA. It was found that using either PA or SA affected positively calli growth parameters as shown in Fig. 5 . Calli fresh weight in the treatments of 34.5, 138, 103.5, and 69 mg/l SA or 5, 4, 2, and 3 mg/l PA gave higher values (12 ± 1.154, 12 ± 1.050, 11.16 ± 0.982, 10.56 ± 0.938, 8.96 ± 0.088, 7.94 ± 0.070, 5.87 ± 0.105, and 5.28 ± 0.087 g, respectively) than the control (4.28 ± 0.557 g). Calli dry weight in the treatments of 103.5, 34.5, 69, and 138 mg/l SA or 2, 3, 5, and 4 mg/l PA recorded higher values (1.09 ± 0.060, 1.06 ± 0.088, 1.06 ± 0.088, 1.06 ± 0.080, 0.93 ± 0.035, 0.91 ± 0.041, 0.88 ± 0.020, and 0.85 ± 0.012 g, respectively) than the control (0.76 ± 0.017 g). Growth values of Fig. 3 Callus growth measurements in the first harvest. G2 control = 4 mg/l TDZ, G2P1 = 4 mg/l TDZ + 2 mg/l PA, G2P2 = 4 mg/l TDZ + 3 mg/l PA, G2P3 = 4 mg/l TDZ + 4 mg/l PA, G2P4 = 4 mg/l TDZ + 5 mg/l PA, G2S1 = 4 mg/l TDZ + 34.5 mg/l SA, G2S2 = 4 mg/l TDZ + 69 mg/l SA, G2S3 = 4 mg/l TDZ + 103.5 mg/l SA, G2S4 = 4 mg/l TDZ + 138 mg/l SA Fig. 4 Callus growth measurements in the second harvest. G2 control = 4 mg/l TDZ, G2P1 = 4 mg/l TDZ + 2 mg/l PA, G2P2 = 4 mg/l TDZ + 3 mg/l PA, G2P3 = 4 mg/l TDZ + 4 mg/l PA, G2P4 = 4 mg/l TDZ + 5 mg/l PA, G2S1 = 4 mg/l TDZ + 34.5 mg/l SA, G2S2 = 4 mg/l TDZ + 69 mg/l SA, G2S3 = 4 mg/l TDZ + 103.5 mg/l SA, G2S4 = 4 mg/l TDZ + 138 mg/l SA 
Biochemical analysis Determination of total phenols in calli cultures
Data in Table 1 presented the average values of total phenols content in calli grown on MS medium supplemented with 2, 3, 4, and 5 mg/l of phenylalanine (PA) or 34.5, 69, 103.5, and 138 mg/l SA at three harvested periods. Determination of total phenols content was performed in mg/1 g calli dry weight using Folin-Ciocalteu reagent and expressed as gallic acid equivalent. Calli subjected to 5 mg/l PA recorded the maximum value of total phenol (9.53 ± 0.55) in the third harvest followed by 4, 3, and 2 mg/l (9.52 ± 0.51, 9.41 ± 0.36, and 7.32 ± 2.62, respectively) compared to the control (5.39 ± 1.21) in the third harvest. By using different P.A. concentrations, it is noticed the gradually increment of phenols content with the increment of PA concentrations. Generally, the addition Fig. 5 Callus growth measurements in the third harvest. G2 control = 4 mg/l TDZ, G2P1 = 4 mg/l TDZ + 2 mg/l PA, G2P2 = 4 mg/l TDZ + 3 mg/l PA, G2P3 = 4 mg/l TDZ + 4 mg/l PA, G2P4 = 4 mg/l TDZ + 5 mg/l PA, G2S1 = 4 mg/l TDZ + 34.5 mg/l SA, G2S2 = 4 mg/l TDZ + 69 mg/l SA, G2S3 = 4 mg/l TDZ + 103.5 mg/l SA, G2S4 = 4 mg/l TDZ + 138 mg/l SA of PA at the range of 2 to 5 mg/l enhanced phenols accumulation more than the control at all harvested periods. On the other hand, all the treatments of SA reduced the phenols content lower than the control specially using 138 mg/l (1.15 ± 0.19). Regarding the data in Table 1 , it is appeared that there is a negative effect of SA particularly at high concentrations on phenols production. While, using the lowest concentration of SA recorded phenols content value (4.19 ± 2.33) close to the control (5.39 ± 1.21) but still lower than the control.
Determination of total flavonoids in calli cultures
Flavonoids determination in calli cultures grown on MS medium fortified with either PA (2, 3, 4, and 5 mg/l) or SA (34.5, 69, 103.5, and 138 mg/l) were calculated by expression as quercetin equivalent (QE) and the mean values of total flavonoids during the three harvested periods of culturing are shown in Table 2 . At the first harvest, the total flavonoids recorded the maximum value when using 69 mg/l of SA (0.305 ± 0.055 mg/g) followed by 34.5 mg/l of SA with a yield of (0.232 ± 0.029 mg/g). While in the third harvest, the optimal concentration promoting the highest increment in total flavonoids content was with using 2 mg/l PA (0.358 ± 0.002 mg/g). In consideration, the obtained intermediate values of total flavonoids content derived from gardenia calli cultures which elicited with both of 5 mg/l PA and 138 mg/l SA were 0.256 ± 0.001 mg/g and 0.277 ± 0.004 mg/g, respectively at the second harvest. The data in Table 2 revealed that MS medium elicited by SA increased the total flavonoids content in gardenia cultures more than MS medium fortified with PA at the first and second harvests of culturing, but using 2 mg/l PA gave the highest total flavonoid content at the third harvest of culturing. Then, it could be concluded that to obtain the highest total flavonoids content, it is advisable to add 69 mg/l SA in Gardenia calli culture medium for 2 weeks (0.305 ± 0.055 mg/g) or add 2 mg/l PA for 5 weeks (0.358 ± 0.002 mg/g).
Evaluation the percentage of free radical scavenging capacity in calli cultures
Radical scavenging capacity (RSC) was evaluated by measuring the scavenging activity of calli extracts on 2,2-diphenyl-1-picrylhydrazyl (DPPH) radicals. Gardenia calli extracts involved bioactive substances such as phenols and flavonoids structures as reported previously in Tables 1 and 2. In this part of our study, calli extracts were examined for their hydrogen donating ability for binding with the DPPH free radical to reduce its stability, changing from purple color to the yellow color according to the antioxidant activity determination. The effect of either PA or SA with their different concentrations in calli culture medium were examined. Their efficacy of discoloration which in turn indicate to their radical scavenging capacity for Gardenia calli at the three harvested periods of culturing were recorded (Table 3) . The obtained data revealed that all calli extracts exhibited significantly different antioxidant activity values for reduction DPPH free radical scavenging during the three harvested periods of culturing. The considerable increment in reduction of DPPH was attained with using PA at concentrations 2 and 4 mg/l (92.91 ± 0.87%, 82.56 ± 1.19%, respectively) after 5 weeks of culturing, followed by SA at concentrations 34.5 and 138 mg/l which recorded lower values (78.92 ± 0.87%, 71.83 ± 0.57%, respectively) during 5 and 2 weeks, respectively post-elicitation. From the achieved results, it is observed that the using of either PA or the SA with their different concentrations enhanced more efficiency to reduce free radical DPPH·into the reduced DPPH rather than the control which had performed poorly. Subsequently, it is recommended to add one of them to gardenia calli culture medium particularly PA with 2 mg/l which is more potent than SA for stimulating the capacity of calli extracts to donate hydrogen atom for enhancement of their antioxidant activity especially at the third harvested period of culturing (after 5 weeks of culturing).
Determination of flavonoids by HPLC
Data showed in Table 4 revealed that four HPLC flavonoids, rutin, apeginin-7-glucoside, kaempferol, and gentisic, were detected in the different treatments and during three harvested periods of culturing (2, 4, and 5 weeks of culturing, respectively). Calli cultures harvested after 2 weeks were able to accumulate rutin only, the highest content detected with 69 mg/l SA (202.2 μg/g DW) followed by 3 mg/l PA which gave (201.0 μg/g DW). After 4 weeks, rutin was not detected with control and 138 mg/l S.A. Moreover, rutin content was decreased at this harvested period of culturing. Calli cultured on 3 mg/l PA recorded the highest rutin content (152.00 μg/g DW). Furthermore, apeginin-7glucoside was detected with 3 and 4 mg/l PA or 69 mg/l SA (23.22, 5.68, and 5.97 μg/g DW respectively), whereas kaempferol was detected only with 5 mg/l PA or 34.5 mg/l SA (7.18 and 4.90 μg/g Dw, respectively). Interestingly, at the third harvested period of culturing, both rutin and apeginin-7-glucoside recorded their highest content with 3 mg/l PA (429.8 and 213.16 μg/g DW). Also, the same treatment showed the highest total flavonoids contents (645.95 μg/g DW) among the different treatments and during the different harvested periods of culturing. Kaempferol recorded the highest content with 34.5 mg/l SA (12.47 μg/g DW) at the third harvested period of culturing. Gentisic was detected at this harvested period of culturing (5 weeks) only with 103.5 or 138 mg/l SA recording the highest content with 138 mg/l SA (10.36 μg/g DW).
Determination of phenolic compounds by (HPLC)
Twelve HPLC phenolic compounds, namely cinnamic, rosmarininc, p-hydroxbenzoic, protocatechuic, gallic acid, catechin, caffeic, syringic, p-coumaric, vanillic, sinapic, and ferulic, were detected in the different treatments and during the three harvested periods of culturing (2, 4, and 5 weeks of culturing, respectively) (Tables 5, 6, and 7). Calli cultures harvested after 2 weeks were able to accumulate cinnamic acid as common phenolic compound in all treatment as well as the control one; the highest content was detected with 4 mg/l PA (140.48 μg/g DW) followed by 5 mg/l PA which gave (122.96 μg/g DW). The highest accumulation of cinnamic acid in calli treated with SA was recorded with 103.5 mg/l, which gave (102.1 μg/g DW). Ferulic and rosmarinic acids were also detected in the first harvest. Ferulic acid was detected only with 4 mg/ l PA or 34.5 mg/l SA (4.87 and 6.74 μg/g DW, respectively), while rosmarinic acid was detected with control, 3 mg/l PA or 34.5 and 69 mg/l SA (96.15, 42.01, 15.45, and 6.82 μg/g DW, respectively) . At the second harvested period of culturing, it was found that calli cultures were able to accumulate cinnamic acid as common phenolic compound in all treatments recording the highest content with 4 mg/l PA (176.66 μg/g DW) followed by 5 mg/l PA which gave (133.99 μg/g DW) taking the same trend as the first harvested period of culturing. While the highest accumulation of cinnamic acid in calli treated with SA was recorded with 34.5 mg/l, which gave (108.27 μg/g DW). Ferulic and P-hydroxybenzoic acids were detected in calli cultured on SA, recording the highest values with 103.5 mg/l SA (38.24, 17.54 μg/g DW, respectively) . Calli cultured on PA treatments could not be able to accumulate both phenolic compounds as shown in Table 6 . Interestingly, calli cultures harvested after 5 weeks (third harvested period of culturing) showed high accumulation of phenolic compounds; 11 compounds were detected at this harvested period of culturing, namely cinnamic, rosmarinic, p-hydroxybenzoic, protocatechuic, gallic catechin, caffiec, syringic, P-coumaric, vanillic, and sinapic acids (Table 7) . Cinnamic acid was detected as a common phenolic compound in all treatments. The highest cinnamic acid accumulation was recorded with 3 mg/l PA (92.24 μg/g DW), which is lower than that found during the first or the second harvested periods.
Discussion
Effect of phenyl alanine or salicylic acid on calli growth criteria
Statistical analysis of variance for the presented data in Figs. 3, 4 , and 5 illustrated clearly show that the effect of PA or SA on calli growth during the three harvested periods of culturing (after 2, 4, and 5 weeks of culturing). Briefly, it could be concluded that the different concentrations of PA or SA increased significantly calli growth parameters compared to the control in the first harvested period of culturing. However, using PA or SA decreased calli fresh weight and growth value and increased both of dry weight and dry matter compared to the control in the second harvested period of culturing. While all treatments increased calli growth parameters compared to the control except the dry matter percentage in the third harvested period of culturing. From the above, it becomes clear the importance of adding elicitors particularly SA in gardenia calli culture medium to increase calli giving the highest amount of calli biomass (fresh weight, dry weight, growth value) after 5 weeks of culturing, which is an indication for more growth, taking in consideration that the control treatment without adding any elicitors or precursor to calli culture medium boosted high yield of calli dry matter percent. Furthermore, it is not preferable adding any elicitors to calli culture medium at the second harvested period of culturing period for less biomass calli productivity, considering their high ratio of dry matter. Additionally, adding elicitors particularly salicylic acid at higher concentrations is more preferable than phenylalanine in gardenia calli culture medium at the first harvested period of culturing for the achievement of cell biomass propagation in calli cultures of Gardenia jasminoides. Data exhibited in Figs. 3, 4 , and 5 reported that (El-Nabarawy et al., 2015) who revealed that higher concentrations of phenylalanine inhibited the fresh weight of Zingiber officinale calli in comparison with the fewer levels, Bemani et al. (2012) who found that up to 3 mM of PA affected adversely hazel cells growth of Corylus avellana L. and at 6 mM of PA had no significant influence on cells dry weight and Bosila et al. (2012) who confirmed the significant differences for calli dry weight according to the amino acid or precursor levels, where expanding the concentrations of PA (100 and 200 mg/l) decreased calli dry weight of Silybum marianum L. In this study, it was found that SA had positive capacity and good response rather than PA for high performance of gardenia calli growth. This achievement is in line with various earlier studies such as Lingakumar et al. (2014) who initiated calli of Vigna mungo on MS medium containing 0.5 ppm SA then induced high percentage of callus induction frequency using 1 ppm SA, Quiroz-Figueroa and Mendez-Zeel (2001) who reported that SA is a hormone like chemical which enhance in vitro regeneration for plenty of plant species including Coffea arabica, and (Hao et al., 2006) who increased calli dry weight of naked oat using SA. This positive effect of SA on calli proliferation due to both of ethylene production increment in the atmosphere of calli which perhaps is responsible for their growth and maturation enhancement and the acceleration processes conducted with the cell division. Sakhanokho and Kelley (2009) who revealed that the positive effect of SA on plant tissue culture propagation may be a reflection of an increase in the meristematic number, where SA acts as morphoregulator signal to support the assumption that SA is a growth regulator. Our obtained results about the significant role of SA on calli match with those of Galal (2012) who confirmed that the exogenous addition of SA in culture media affected positively calli, shoot, and root propagation of Ziziphus spina-christi.
Biochemical analysis
Determination of total phenols in calli culture
Based on the previous investigations (Table 1) , it is recommended to add PA in gardenia calli culture medium for enhancement phenols production. Our results are matching with the earliest studies by Riedel et al. (2012) who reported that the increment of phenolic synthesis in cultures of Vitis vinifera are with using 0.1 mM of PA as precursor and Razzaque and Ellis (1977) who discovered that the plant tissue is in need of PA to stimulate the phenylalanine ammonia lyase (PAL) activity which is a portal of shikimic acid pathway for phenols production. With regard to our obtained results about the inhibitory effectiveness for SA-treated calli cultures at all harvested periods of culturing with respect to phenols production. This investigation is in accordance with the earlier studies by Gadzovska et al. (2013) who revealed that the cells of Hypericum perforatum L. elicitated with SA had lower effect than jasmonic acid (JA) elicitation on phenyl propanoids contents, where phenols content is stable or less in SA-elicited shoots than in the corresponding controls which in turn lead to secondary metabolites reduction comparable with the control. Goyal and Ramawat (2008) confirmed that methyl jasmonate (MeJA) at concentration 20 μM was more effective than SA in isoflavonoid production in Pueraria tuberose cell cultures.
Determination of total flavonoids in calli cultures
The substantial result from the achieved data in Table 2 revealed the fact that MS medium elicited by SA increased the total flavonoids content in gardenia cultures more than MS medium fortified with PA at first and second harvested periods of culturing, excluding 2 mg/l PA with respect to the third harvested period of culturing. Upon the positive influence of SA concentrations on flavonoids production from Gardenia calli cultures during three harvested period of culturing post-elicitation, it is recommended to add SA particularly at concentration 69 mg/l in Gardenia calli culture medium for 2 weeks of culturing. These results are partially in parallel with Gadzovska et al. (2013) who observed the increment of flavonols (7-21 days) and flavanols (1-4 days) between two-to fivefold in calli of Hypericum perforatum L. with the presence of SA particularly by using their lower concentrations. Salicylic acid has a great role in the regulation of plant development and growth as hormone-like substance (Kang et al., 2006) where SA induces gene regulation associated to the secondary metabolites biosynthesis (Taguchi et al., 2001) and affect diversely on the plant physiological processes (Malabadi et al., 2008a; Malabadi et al., 2008b) . In general, our obtained results in Tables 1 and 2 indicated to the potent efficacy of both PA and SA for enhancement of the total content of phenols and flavonoids accumulation in gardenia callus cultures during three harvested periods of culturing. Most of phenols production was accentuated on gardenia cell cultures using all PA concentrations comparable with SA particularly after 5 weeks of elicitation. This reverse in respect of flavonoids production which was highly accumulated on Gardenia calli cultures using SA compared to PA at all the three harvested periods of culturing. Subsequently, it could be concluded that either PA or SA are preferable and have been recommended in calli culture medium of Gardenia jasminoides for boosting and enhancing their productivity of phenols and flavonoids content. This obtained investigation from our study was confirmed by Gabr et al. (2017) who verified little amounts of both of phenols and flavonoids content in gardenia calli grown on MS medium non-elicited by any elicitors or stimulator compounds. PA as amino acid accelerates primer metabolism operation during phosphor enol pyruvic acid conversion to pyruvic acid; this acid act as key compound in several biochemical pathways (Noviyanti et al., 2017) ; PA as aromatic amino acid possess function as bio block of protein and has an effect on hormone synthesis such as salicylate and auxin (Tzin & Galili, 2010) .
Evaluation the percentage of free radical scavenging capacity in calli cultures
Our findings (Table 3 ) are in line with the results reported earlier by Arafa et al. (2015) and Arafa and Aly (2018) , who detected that the highest scavenging activity values in calli of stem, root, and petiole explants of Daucua carota L. carota was recorded with using phenylalanine as amino acid precursor and Bemani et al. (2012) who increased more amounts of Taxol and antioxidant activity by increment of phenylalanine supply in the extract of suspension-cultured hazel (Corylus avellana L.) cells. Furthermore, our investigations are in partial harmony with those of Ghasemzadeh et al. (2012) who reported that SA improved the production of some chemical structures such as fisetin and anthocyanin who possess more potency as antioxidant activity than the control in ginger varieties and Hadian-Deljou et al. (2017) who attained more total phenolics and antioxidant activity by salicylic acid application using 2 mM concentration at the earlier stages of cold storage and using 1 mM concentration at the end of cold storage for red delicious apples.
Determination of flavonoids by HPLC
Rutin is found to be functional as an activator to improve plant disease resistances to bacterial pathogens via rutin-priming defense signal which is modulated by the salicylic acid-dependent pathway (Wei et al., 2016) . Our previous work (Gabr et al., 2017) recorded that calli cultures of gardenia (Gardenia jasminoides) on 4 mg/l TDZ produced 287.76 and 10.38 μg/g of rutin and kaempferol, respectively. And, apeginin-7-glucoside was detected with high content (129.86 μg/g) in callus culture with 4 mg/l Zeatin. PA is a vital component of proteins in all living organisms, and in plants is a precursor for thousands of additional metabolites. In addition to structural roles, phenylalanine-derived compounds function in plant defense and ultraviolet protection (for example, flavonoids and various phenolics) (Yoo et al., 2013) .
Determination of phenolic compounds by HPLC
Cinnamic acid was detected as a common phenolic compound in all treatments. In this respect, Kovácik et al. (2007) reported that cinnamic acid is considered as the first metabolite of the phenyl propanoid pathway and the precursor for flavonoids pathway. In the present study, several phenolic compounds (rosmarinic, p-hydroxy, caffeic acid, syringic p-coumaric sinapic and catechin) were detected in calli culture feeding with phenyl alanine and salicylic acid and were not detected in control treatment. Gabr et al. (2016) reported that the highest accumulation of cinnamic acid was recorded with control treatment compared with elicited callus culture in milk thistle. The role of salicylic acid in the regulation immune defenses has become clearer (Gawronski et al., 2013) . SA increases the accumulation of both ABA and IAA in plant seedlings under salt stress. However, the SA treatment did not affect the cytokinin content. So, the SA protective action in plant cells includes the development of anti-stress system and promotes the normalization of growth after removal of stress factors (Sakhabutdinova et al., 2003) .
Conclusion
Rutin and cinnamic acid are the major compounds detected in all treatments and during the three harvested periods of culturing for calli cultures of gardenia. Our results declared that the decreasing in cinnamic acid is correlated with the increasing of rutin content. A further study is required to evaluate the effect of different biotic or abiotic elicitor on regulation of phenolic and flavonoid accumulation in in vitro culture of gardenia. 
